Bi2Sr2CaCu20x glass and glass fibers were prepared by a conventional melt-quenching method and fiber draw ing from a glass plate respectively, and grain orienta tion behavior of superconducting glass-ceramics and fibers obtained by annealing was examined. At the sur face and in the interior of the glass-ceramic fiber, all c axes oriented parallel to the direction of fiber length. In the bulk glass-ceramics, the oriented grains grew from the surface to the interior of the bulk and the mor phology and thickness of the oriented layer were very sensitive to the annealing atmosphere. It is concluded that the oriented layers at the surface were formed by precipitation of the Bi2Sr2CaCu20x phase with release of oxygen absorbed during heating.
Introduction
Many glasses in the Bi-Sr-Ca-Cu-O system (Bi based system) are converted into high-Ta supercon ductors after proper annealing.1)-3) This preparation technique, i, e., glass-ceramic route, is very attractive for the fabrication of dense superconductors with specified shapes such as fibers.4), 5) To date, Bi-based high-Ta superconducting glass-ceramics have been extensively studied by many researchers. At this mo ment, however, an effective method for the improve ment of weak links at grain boundaries or for the in troduction of flux-pinning centers has not been f ound.6), 7) There also have been very few reports on the orientation behavior of superconducting crystals in Bi-based glass-ceramics.8), 9) The anisotropic crystal structure of Bi-based su perconductors leads to a marked anisotropy in their electrical properties. In particular, the superconduc tive coherence lengths, ba , b, in the a, b-axis directions lying on the Cu-0 planes can be more than one order of magnitude larger than the coherence lengths, across the normal to Cu-0 planes.10) Thus, it is very important to control the alignment of superconduct ing grains for the fabrication of superconducting glass-ceramics with excellent properties. Generally, We first examined the orientation behavior of the bulk glass-ceramics. Figure 3 shows the SEM photo 
Conclusions
The formation behavior of a, b-axis orientation at the surface of Bi2Sr2CaCu20x glass-ceramic and fiber under various annealing conditions and the orienta tion mechanism were investigated.
In the bulk sam ple, it was found that the oriented grains grow from the surface toward the interior of bulk sample and that the morphology of the oriented layer is very sen sitive to the annealing atmosphere. At the surface and in the interior of the glass-ceramic fiber, the direction of the c-axis is regular and all c-axes orient ed parallel to the direction of fiber length. It was con cluded that the oriented layer at the surface was formed by the transformation of the Bi2Sr2CuOx phase to the Bi2Sr2CaCu20x phase with release of oxy gen.
